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ABSTRACT: Fiber reinforced polymer (FRP) has been applied to many purposes for civil engineering structures not 
only for new structures but also for strengthening of the deteriorated structures. The application of FRPs  in various 
forms such as rod, grid and sheet are widely accepted solution due to its corrosion resistance as well as high tensile 
strength to weight ratio. The application has been done on many purposes including strengthening of damaged 
reinforced concrete structures. Depend on the level of the damage of the concrete beams, it may be restored or repaired. 
In other to study the application of FRP sheet for the strengthening of the damaged concrete beams, a series of 
experimental programs has been done. This paper describes the effect of the GFRP belt to the failure mode of the 
cracked concrete beams strengthened using GFRP sheet.  Specimens of reinforced concrete beams with dimension of 15 
cm x 20 cm x 270 cm were casted. The specimens were the uncracked beams as control specimens and the cracked 
beams strengthened by GFRP sheet with parameter of GFRP belt width. Before the application of GFRP sheet, beams 
were loaded up to the yielding point of tensile steel reinforcement. The results indicated that GFRP belt on the 
strengthened beams changed the failure mode. The beams without belts failed due debonding of GFRP sheet. While, the 
strengthened beams with GFRP belts failed due to the rupture of the GFRP sheet. As the results, the maximum flexural 
capacity increased. 
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INTRODUCTION 
 
Reinforced concrete is still a major structure material 
in civil engineering. Due to the change of the life 
demands, the structures may be experiencing changes in 
the function and an increase in service load so that the 
structures is no longer safe for use and it may cause a 
damage on the structural elements. The damage may also 
be caused by disasters such as earthquake or landslides, 
etc. Beams are the important structure element structures 
to transfer the service loads to the column and then to the 
foundation. Beams performance may decrease due to age 
and or increasing of the service loads as well as due to 
disasters. Due to service load, a compression as well as 
tension stress occur which indicated by the deformation 
of the beam. Tension stress may cause a cracking on the 
beam. As the result the cracking may decrease the beam 
performance due to corrosion and or loss of bonding.  
A girder concrete beam of a highway bridge that 
simply supported by pier, the stress distribution due to 
vehicle loads cause a compression stress on upper fiber 
and tensile stress on the bottom fibers. When the load  
 
 
 
 
 
 
 
 
 
 
Figure 1 Cracked concrete girder 
 
increased, the beam deflects and causing additional 
flexural cracks along the lower part of beams. The 
failure or damage may occur to the structural elements 
when the external load reaches the capacity of that 
element. Deterioration of the structures may result to the 
demolishing of the structures. Figure 1 shows the 
cracked concrete girder of a bridge. Rebuilding of 
structures is costly and high time consumption. At 
certain condition, the structure element may be repaired 
and or strengthened. Many strengthened method have 
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been developed from using of the conventional steel 
material to the application of the advance material such 
as non-corrosive Fiber Reinforced Polymer (FRP) 
(Nakamura et. a. (1996), Christos, et.al., 2009 and 
Mahmoud et. al., 2000).  Conventional strengthening by 
covering the damaged concrete with steel reinforcement 
and new concrete was a common solution, but its 
weakness is the concrete and reinforcing steel will 
increase the dead load of structure, reduce space and 
difficult in application (Mehdi et. al., 2011) and 
Saadatmanesh et. al. 1991).  
Recently, technology development has provided a 
new challenging in strengthening method of structural 
elements without having to do the demolition. 
Uncorrosive materials such as carbon, glass and aramid 
has been developed.  Application of that material to 
structures is being done by many researchers in many 
fields.  
The repair of damaged reinforced concrete members 
by external bonding of fiber reinforced polymer (FRP) is 
becoming increasingly popular in the construction 
industry. The use of FRP for this application offers 
several desirable attributes, such as resistance to 
corrosion,  high   strength,  light   weight,  and   ease  of 
handling. Flexure strengthening of concrete beams is 
accomplished by epoxy bonding the FRP material are 
bonded to the beam  on the web or the tension face, for 
shear strengthening the FRP are bonded to the web.  
Several studies conducted on beams strengthened 
with GFRP have been done intensively. Joseph et. al., 
(2007) studied the application of the CFRP strips for 
strengthening. Arduni et. al. (1997) conducted a 
parametric study of the beam externally bonded FRP. 
Sharif et. al (1994) studied on using of FRP plate for 
strengthening. 
The scope of studies has been developed into the 
strengthened of the cracked concrete structures. In order 
to fulfill the comprehensive study of the reinforced 
concrete beams strengthening method especially on the 
damaged reinforced concrete member, an experimental  
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Glass fiber sheet 
study was done on the effect of GFRP belt to the failure 
mode of the pre-cracked reinforced concrete beam 
strengthened with GRFP sheet The parameters was the 
width of GFRP belt. Figure 2 shows the glass fiber sheet 
as the base materials for GFRP sheet. 
 
SPECIMENS 
 
Preparing of Beam Specimens 
 
Three types of concrete beams with the dimension 
of 150 x 200 x 2700 mm were prepared with the 
parameter of the belt width. For the control specimens, a 
normal RC beam was also prepared. Glass fiber laminate 
used in this study was Type G manufactured by Tyfo. 
Material properties of glass fiber and GFRP  is shown in 
Table 1. Eight specimens were casted for experimental 
test in this study . Two   of    them    were    prepared  as  
the   strengthened beams without belts. 
 
Table 1 Glass Fiber and GFRP Properties 
 
 
 
 
 
 
 
 
 
 
Table 2 Concrete and Steel Reinforcement Properties 
 
 
 
 
 
 
 
 
 
The detail of specimens are shown in Figure 3. 
Figure 3(a) shows the detail of steel reinforcement of the 
concrete beams. The specimens are normal beams 
without strengthening (BN) (Figure 3(b)), strengthened 
beams without belt (BF) (Figure 3(c), strengthened 
beams with 150 mm vertical belts (BFB1) and 
strengthened beams with 350 mm vertical belts (BFB2), 
respectively. All beams were constructed at the 
laboratory and curing for 28 days. All beams were 
reinforced with 3 tensile reinforcement bar diameter of 
10 mm with shear reinforcement  using 8 mm tensile bar. 
Steel bar 8 mm was placed on the compression for the 
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easy installing of the reinforcement. Material properties 
of the concrete as well as steel reinforcement are shown 
in Table 2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Gambar 3 Specimen Detail and Types 
 
 
GFRP Strengthening 
 
The application of the GFRP sheet were conducted after 
pre-loaded the RC beam up to approximately 85% of 
estimated ultimate load to produce the cracked beams.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Preparation of specimens 
 
This load level caused the tensile reinforcement about 
exceeded its tensile yield strength. This load level was 
intended to simulate a reasonable fail condition and 
allowed the formation of plastic hinge in the region of 
constant moment. The concrete surface for the 
specimens to be strengthened with GFRP sheet was then 
prepared by either sanding the bottom surface. The first  
 
 
 
 
 
 
 
 
 
 
Figure 5 Test Setup 
 
technique was a light surface cleaning performed by 
dredging and then sanded it using sand papers to 
complete the surface preparation as on the designated. 
GFRP sheet were used to strengthen the preloaded 
concrete beams. The  sheets were  applied  following  the 
specifications of the material system manufacturers. This 
included compliance with resin proportioning, mixing, 
application and curing. The typical sequence of 
operation for manual layup was: application of a surface 
primer, application  of the first layer of impregnating 
resin, application of the sheet (ply), layering resin, and 
application of the second layer of impregnating resin. 
Strengthened beams were divided into three types which 
are BF, BFB1 and BFB2, repectively. The GFRP sheet 
was applied at the bottom span center of beam as shown 
in Figure 3(a). The belt was also made of GFRP sheet 
patched after flexural strengthening by covering 
vertically the beams (Figure 3(c) and (d)). After seven 
days of resin curing, the beams were tested to failure. 
Figure 5 shows the sequences of the specimen 
preparation. 
 
TEST SETUP 
 
All specimens were tested under four points bending 
test with the span of 2500 mm. The load was applied to 
two concentrated load with distance of 500 mm. Figure 5 
shows the test setup of specimen. For easy crack 
propagation monitoring, the grid lines with distance of 
50 mm was drawn on the one side of the beams. The 
measurements were done on the deflection and the 
applied load. Three deflection dials were placed at the 
span center point, and at the both left and right loading 
points. The load was applied from a hydraulic jack. The 
beams were loaded incrementally with the rate of  5 kN 
per steps. The test was divided into two steps. First steps 
was the loading of virgin beams to the approximately 
exceeding the yielding point of steel reinforcement, the 
cracked propagation as well as load-deflection behavior 
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was monitored. Second step was the loading of the 
strengthened beams. The cracks propagation and the 
debonding of GFRP sheet as well as the load-deflection 
behavior were monitored and noted.   
 
 
Table 3 Summary of Ultimate Capacity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 Load-Deflection Relationships 
 
 
RESULTS AND DISCUSSION 
 
Ultimate Capacity 
 
Table 3 shows the summary of the ultimate 
capacity of the tested beams. Generally, results indicated 
that the the application of GFRP sheet to the bottom of 
cracked beams increased the ultimate load. This behavior 
has been clarified on the previous study, Rudy D. et.al 
(2012). The ultimate capacity of the strengthened 
cracked beams was approximately 2.3 times than the 
capacity of the normal beams (BN). However, the GFRP 
sheet could not be optimized due to debonding failure 
before GFRP sheet achieved its tensile strength. The 
application of the GFRP belt on the specimens BFB1 
and BFB2 indicated the increasing of the maximum 
capacity. On the specimen equipped with 150 mm and 
350 mm width of GFRP belt had maximum capacity of 
approximately 45 kN or 2.5 times than the capacity of 
the control beam (BN). This results indicated that the 
GFRP belt postponed the premature 
delaminating/debonding of GFRP sheet attached to the 
bottom of concrete beams. The GFRP belt increased 
approximately 30% of maximum capacity compared to 
the strengthened beams without belt. 
Results indicated that the GFRP strengthening 
system to the cracked beams may be increased by 
application a certain width of GFRP belt surrounded the 
beam. It should be noted again here that all beams 
strengthened with GFRP sheet had been loaded to the 
level of the yielding of steel reinforcement before 
application of GFRP sheet. Therefore, this result 
indicated that the GFRP sheet with belt provided an 
effective strengthening performance to the yielded 
concrete beams. The width of the belt did not influence 
significantly to the maximum capacity as well as the 
failure mode. 
 
Load-Deflection relationship 
 
Figure 6 shows the relationship between applied 
load and the span center deflection. Initially, BN beam 
was un-cracked beam. When the applied load reached to 
the rupture strength of the concrete, the cracks occurred. 
This caused a decreasing of beam stiffness. Further 
loading caused the steel enter to the plastic range which 
was indicated by the slightly reducing of the beam 
stiffness when the load level reached to approximately 
15 kN. The beam continued to deflect without significant 
increasing of the applied load until final failure on the 
concrete compressive region. On the pre-cracked beams 
strengthened with GFRP sheet (BF beams), even though, 
initially, the beam had damage, the strengthened beams 
still had a good performance especially in stiffness. As it 
can be observed in the Figure 6, the stiffness of the BF 
beams were higher than BN beams. This is 
understandable due to the effect of the GFRP sheet. 
Applying load exceeded the previous yield load did not 
cause the decreasing of the beam stiffness. This 
indicated that the yielding of the steel did not influence 
significantly the stiffness of the strengthened beams, 
Rudy D.,et.al (2012). Further loading, increasing cracks 
number caused the reducing bonding strength between 
sheet and concrete. When the applied load achieved to 
approximately 35 kN, the beam stiffness decreased. This 
may be due to the steel reinforcement entered to its 
secondly yielding stage. Further loading, the deflection 
propagation was still followed by the increasing of the 
capacity to the final failure of specimens. Failure of the 
beams without belts (BF) was caused by the debonding 
of GFRP sheet. This affected significantly to the flexural 
mechanism that limited the flexural capacity. However, 
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on the specimens with GFRP belt the beams capacity 
still increased up to the rupture of GFRP sheet.  
Compare to the Ig-line (line indicated load-
deflection calculated using gross moment of inertia of 
the reinforced concrete section) and Icr-line (line 
indicated load-deflection calculated using moment of 
inertia of the cracked reinforced concrete section), the 
stiffness of the strengthened beams stiffness showed a 
good performance. The stiffness was closer to the Ig-line. 
This indicated that GFRP sheet optimally worked in 
flexural mechanism in retaining the applied load, Rudy 
D, et.al. (2012).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 Failure Mode of Specimens 
 
 
Failure Mode 
 
As the typical reinforced concrete, all beams were 
dominated by flexural cracks on the constant moment 
region at the span center. Cracks of specimen BN 
propagated when the applied load exceeded 
approximately 5 kN.  The cracks propagated upward to 
the compression region as the results of the deformation 
of both tensile reinforcement and concrete. On the 
strengthened pre-cracked specimens, the loading brought 
forth some new cracks  as well as continuing the 
precracks. The propagation of cracks of strengthened 
beams at second loading started when the applied load 
exceeded approximately 6 kN. Once the cracks occurred, 
the cracks continued to propagate upward to the 
compression region as well as appearance of new cracks. 
Compare to   the    crack    pattern   of  BN,   pre-cracked      
beam strengthened with GFRP sheet had more cracks. 
This indicated that the bonded GFRP sheet provided a 
good mechanical action with the concrete, Rudy D, et.al, 
(2012). 
All specimens without GFRP belts failed due to the 
debonding of the the GFRP sheet. It was noted that the 
debonding was not caused by purely longitudinal 
debonding but it was initiated by the cracking at the 
tension fiber of the beams.  The debonding occurred at 
the adhesive-concrete interface. It was noted that, the 
shear-flexural cracks propagated toward into constant 
moment region was the point where the debonding 
started. The debonding started at one of the cracks and 
propagated  towards the sheet end until total delimitation 
occurred. The cracks on the tension concrete fibers 
caused the GFRP lost its bond to concrete locally, as 
illustrated in Figure 4.  
 
 
 
 
 
 
 
 
 
Figure 8 Illustration of local delaminating 
 
 
This caused the bond stress increased on the other part. 
Finally, suddenly debonding occurred, as the results, the 
beam capacity decreased. However, the belts on the 
specimens BFB1 and BFB2 could postponed the 
premature debonding of the GFRP sheet. As the results, 
the ultimate capacity increased. Figure 7 shows the 
photographs of failure mode of each specimens. On the 
specimen BF (without belts) the failure mode was 
debonding of GFRP sheet rupture. Application of belt to 
the strengthened beams had failure mode in the form of 
GFRP sheet. This indicated that the belt may increased 
the bonding capacity of GFRP sheet. As the results the 
failure mode changed from debonding to the GFRP 
rupture. GFRP belt worked to press the GFRP sheet. It 
has much more effect on the time prior to the GFRP 
sheet achieved to its bonding strength. The GFRP belt 
may increase the bonding strength based on the pressure 
mechanism to the GFRP sheet on the place where belt 
attached. 
 
 
CONCLUSIONS 
 
This study observed the effect of GFRP belt to the 
behavior of the strengthened yielded reinforced concrete 
beams with GFRP sheet. A virgin beam was loaded to 
yielding point of the steel reinforcement to simulate a 
damage of reinforced concrete element. GFRP sheet was 
applied to strengthen cracked beams equipped with 
GFRP belt with different width. From the data presented, 
the following conclusions are made : 
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(1) Results indicated that the GFRP strengthening 
system to the cracked beams may be increased 
by application a certain width of GFRP belt 
surrounded the beam. The specimens equipped 
with 150 mm and 350 mm width of GFRP belt 
had maximum capacity 30% higher than the 
specimens without belt. 
(2) The width of the belt did not influence 
significantly to the maximum capacity as well 
as the failure mode. 
(3) GFRP belt did not influence the flexural 
behavior of the beams. It has the effect on the 
time prior to the GFRP sheet achieved to the its 
bonding strength. The GFRP belt may increase 
the bonding strength based on the pressure 
mechanism to the GFRP sheet on the place 
where belt attached. 
(4) Application of belt to the strengthened beams 
had failure mode in the form of GFRP sheet 
rupture. This indicated that the belt may 
increased the bonding capacity of GFRP sheet. 
As the results the failure mode changed from 
debonding to the GFRP rupture. 
.  
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